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DESCRIPTION 



AIR INTAKE APPARATUS AND CONTROL APPARATUS FOR AN INTERNAL 

COMBUSTION ENGINE 



This invention relates to an air intake apparatus for an internal combustion 
engine with fuel injection which provides an air intake passage and a throttle body for 
each cylinder, and a control apparatus which controls the fuel injection. Priority is 
10 claimed on Japanese Patent application No.2003-1 15909, filed April 21, 2003, the 
content of which is incorporated herein by reference. 



15 upstream side of intake manifolds (air intake passages), and provide a fuel injection 
valve and an air flow rate sensor at the downstream side of the throttle valve (for 
example, refer to Japanese Examined Patent Application, Second Publication No. 
H04-15388). An intake air volume signal which is an output from the air flow rate 
sensor is input to a control circuit, and a fuel injection quantity is calculated in response 

20 to the operational state of the internal combustion engine. In addition, an injection 
quantity signal based on the calculated fuel injection quantity is output from a control 
circuit to control the operation of the fuel injection valve. 

Internal combustion engines for racing cars and motorcycles, for which a 
fast-response to the throttle operation is considered to be important, do not use intake 

25 manifolds but provide an individual air intake passage for each cylinder. Each air 
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TECHNICAL FIELD 



BACKGROUND ART OF THE INVENTION 



Some internal combustion engines for vehicles provide a throttle valve at the 
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intake passage provides a throttle body. In this case, when throttle valve openings are 
small, fuel injection is performed based on an output from a pressure sensor provided on 
each air intake passage and the engine speed; and when the throttle valve openings are 
large, fuel injection is performed directly in response to the opening and the engine 
5 speed. 

However, providing a pressure sensor for each cylinder increases the number of 
components, increasing the cost. Also, determining fuel injection quantity based only 
on the openings and the engine speed when the throttle valve openings are large has 
disadvantages in fuel consumption and in reduction of exhaust gas. 
10 The present invention has been realized in view of the above-stated situations 

and has an object to provide an air intake apparatus and a control apparatus for an 
internal combustion engine providing an air intake passage and a throttle body for each 
cylinder, with a fast response and optimum fuel injection, with a small number of 
components. 

15 

DISCLOSURE OF INVENTION 
The present invention provides an air intake apparatus for an internal 
combustion engine. The air intake apparatus includes a plurality of air intake passages 
provided at each cylinder of a multi-cylinder internal combustion engine and a throttle 
20 body provided at each of the plurality of air intake passages, wherein an air flow rate 

sensor for measuring air volume being suctioned into a cylinder corresponding to the air 
intake passage is provided on a part of the insides of the plurality of air intake passages. 

The present invention also provides a control apparatus for an internal 
combustion engine. The control apparatus includes: a plurality of air intake passages 
25 provided at each cylinder of a multi-cylinder internal combustion engine; a throttle body 
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provided at each of the plurality of air intake passages; an air flow rate sensor being 
provided on a part of the insides of the plurality of air intake passages and measuring air 
volume being suctioned into a cylinder corresponding to the air intake passage; and a 
control section for calculating air volume suctioned into other cylinders by multiplying 

5 air volume measured by the air flow rate sensor by predetermined coefficients, 

calculating the fuel injection quantity into each cylinder, and outputting a signal to a 
fuel injector of the internal combustion engine. 

According to the air intake apparatus of the above-described internal 
combustion engine, the air volume suctioned into the cylinder (cylinder provided with 

10 the air flow rate sensor) corresponding to the air intake passage provided with the air 

flow rate sensor is measured directly, and air volumes suctioned into other cylinders are 
estimated. Thus, fuel injection quantity into each cylinder can be controlled. 
Incidentally, a part of the insides of a plurality of the air intake passages means one or 
more but less than all the air intake passages. 

1 5 That is, with the control apparatus of the above-described internal combustion 

engine, it becomes possible to constitute a control apparatus to calculate air volume 
suctioned into cylinders other than the cylinder provided with the air flow rate sensor by 
multiplying the air volume measured by the air flow rate sensor by a predetermined 
coefficient, to calculate the fuel injection quantity into each cylinder based upon the 

20 calculated value and the measured value of the air flow rate sensor, and to output signals 
to fuel injectors. 

The air flow in the air intake passage changes almost in the same manner as the 
opening of the throttle valve of the throttle body and the engine speed changes. Thus, 
by multiplying the air volume measured by the air flow rate sensor by coefficients based 
25 on the rate of chronological variation of the throttle valve openings or the engine speed, 
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the air volumes suctioned into cylinders other than the cylinder provided with the air 
flow rate sensor can be estimated. 

Also, by using an air flow rate sensor which has high detection sensitivity 
compared with a pressure sensor, the response of the internal combustion engine can be 
5 enhanced without having to control fuel injection based only on the throttle valve 

opening and the engine speed. In other words, fuel injection can be performed based 
on the air volume measured by the air flow rate sensor and the air volume estimated 
therefrom even when the throttle valve openings are large. 

I o BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing an internal combustion engine according to 
an embodiment of the present invention. 

FIG. 2 is an explanatory diagram showing the configuration of an air intake 
passage and an air flow rate sensor of the engine. 
1 5 FIG. 3 is a graph showing the chronological variation of a throttle valve 

opening and an intake air volume of each cylinder. 

BEST MODE FOR CARRYING OUT THE INVENTION 
An embodiment of the present invention will be explained below based on the 
20 drawings. 

As shown in FIG. 1, an engine (internal combustion engine) 1 is a 
multi-cylinder reciprocating engine in which each piston 4 undergoes reciprocating 
linear motion in a plurality of cylinders 3 of an engine main body 2. The reciprocating 
motion of the piston 4 changes the volume in the cylinder 3, repeating each stroke of air 
25 intake, compression, combustion (expansion), and exhaust. An air intake pipe 6 is 
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connected to an outside opening of an air intake port 5 corresponding to each cylinder 
of the engine main body 2. The upstream side of the air intake pipe 6 in the air intake 
direction is connected to a throttle body 10 having a throttle valve 9 carrying out an 
adjustment of air volume (intake air volume) suctioned into the engine 1 . Also, the 
5 upstream side of each throttle body 10 is connected to a funnel 7 for rectification of air 
flow. Each air intake pipe 6, throttle body 10, and funnel 7 constitutes a plurality of 
air intake passages 8 provided at every cylinder of the engine 1. The upstream side of 
each funnel 7 is connected to an air cleaner case 1 1 . The upstream side of the air 
cleaner case 1 1 is connected to an air intake duct 12. 
10 The engine main body 2 provides an injector (combustion fuel injection 

apparatus) 14 for which an electromagnetic fuel injection valve facing inside of the air 
intake port 5 is provided for each cylinder, and the injector 14 injects predetermined 
quantity of fuel into the air flow in the air intake port 5. Each injector 14 is supplied 
with fuel which is pumped from a fuel tank 15 by a fuel pump 16 and 
1 5 pressure-regulated by a regulator 1 7. 

Also, in the engine main body 2, each cylinder is provided with an air intake 
valve 18 for opening and closing an opening on the combustion chamber side of the air 
intake port 5, an exhaust valve 20 for opening and closing an opening on the 
combustion chamber side of an exhaust port 19, and a spark plug 21, an ignition 
20 electrode of which faces inside of the combustion chamber. High energy stored in an 
ignition circuit 22 is used for ignition by the spark plug 21 . Opening and closing 
operations of each air intake valve 18 and exhaust valve 20 are controlled by a camshaft, 
not shown. The outside opening of each exhaust port 19 is connected to an exhaust 
manifold 23. 

25 Each piston 4 is connected to the crank pin of a crankshaft 25 via a connecting 
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rod 24. 

When the engine 1 is in an operational state, when the throttle valve 9 is opened, 
the introduced negative pressure of the cylinder in the intake stroke guides outside air 
from the air intake duct 1 2 into the air intake port 5 through the air cleaner case 1 1 and 
5 the air intake passage 8. 

The air flow is mixed with the fuel injected from the injector 14 to form the 
fuel-air mixture, which is suctioned into the cylinder 3 in the intake stroke. The 
quantity of fuel injected from the injector 14 is adjusted in response to the air volume 
suctioned into the cylinder 3. And the combustion energy acquired from burning the 
10 fuel-air mixture suctioned into the cylinder 3 pushes the piston 4 down to rotate the 
crankshaft 25. 

A control circuit (control section) 26 controls the fuel injection quantity, fuel 
injection timing, and ignition timing for the fuel-air mixture in the operational state of 
the engine 1 . The control circuit 26 is a so-called ECU (electronic control unit), 

1 5 having a CPU (central processing unit) and a ROM (read only memory), being activated 
by the electric power supply of a battery 27. The control circuit 26 receives an output 
from an air flow meter (air flow rate sensor) 28 which can detect the air volume 
suctioned into the engine 1 as a mass flow and outputs from a throttle valve opening 
sensor 29 and a crankshaft rotation angle sensor 30 as input data to perform a 

20 predetermined process and outputs a command signal to each part. 

Here, as for the air flow meter 28 suitable for this embodiment, there is a sensor 
in which a silicon substrate is evaporated with a platinum membrane, and the 
temperature of the platinum membrane is maintained constant by the passage of an 
electric current. When the air mass passing through the periphery of the platinum 

25 membrane increases, the temperature of the platinum membrane decreases, and thus the 



air flow meter 28 increases the electric current passing through the platinum membrane 
to maintain the temperature constant. On the other hand, when the air mass passing 
through the periphery of the platinum membrane decreases, the temperature of the 
platinum membrane increases, so that the air flow meter 28 reduces the electric current 
passing through the platinum membrane. Thus, the current value varies in proportion 
to fluctuations in the air mass passing through the periphery of the platinum membrane, 
so that it is possible to measure the air flow rate by monitoring the current value. 

As shown in FIG. 2, a plurality of (four in this embodiment) air intake passages 
8 having the throttle bodies 10 are located side by side in the longitudinal direction to 
correspond to each cylinder (the cylinder 3 and the piston 4) of the engine 1. The air 
flow meter 28 is provided at the air intake passage 8 on the right most side among the 
plurality of air intake passages 8, and the air flow meter 28 is attached to the funnel 7. 
Thus, the air flow meter 28 is located on a more upstream side than the throttle valve 9. 

Next, the operation of this embodiment will be explained with reference to Figs. 
2 and 3 below. In FIG. 3, a horizontal axis shows time and a longitudinal axis shows 
the change of the throttle valve opening and the change of the air volume suctioned into 
each cylinder which is accompanied by the change of the throttle valve opening. In 
FIG. 2 the left most side of the cylinders, i.e., the cylinder with the air flow meter, is 
denoted as cylinder #1; a cylinder which performs air intake next to the cylinder #1 is 
denoted as cylinder #2; and the following cylinders are denoted as cylinders #3 and #4 
in order. The air volume suctioned into the cylinder #1 is indicated by the value 
converted from the output current from the air flow meter 28, and air volumes suctioned 
into the cylinders #2, #3, and #4 are indicated by values calculated by the control circuit 
26. In addition, totals of the extent by which the air volume increases over a 
predetermined reference value are considered as air volumes Gairl, Gair2, Gair3, and 
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Gair4 suctioned into each cylinder #1, #2, #3, and #4 in one intake stroke. The throttle 
valve opening is indicated by the value converted from the output current from the 
throttle valve opening sensor 29. 

As shown in FIG. 3, as the throttle valve opening starts to increase, the air 
5 volume suctioned into each cylinder starts to increase at almost the same rate. At this 
time the engine speed starts to increase likewise. Here, the start time of air intake of 
the cylinder #1 is denoted as tl , and the throttle valve opening at the time tl is denoted 
as 01. Also, the start time of air intake of the cylinder #2 next to the cylinder #1 is 
denoted as t2, and the throttle valve opening at the time t2 is denoted as 92. 

10 Incidentally, a phase between each cylinder is determined beforehand, so that the times 
when the cylinders #2, #3, and #4 start air intake can be determined by output 
information from the crankshaft rotation angle sensor 30. 

When the rate of change of the throttle valve opening from the time tl to the 
time t2, 92/91, is denoted as d0, by multiplying the air volume Gairl suctioned into the 

15 cylinder #1 in one intake stroke by a coefficient K based on the rate of change d9, the 
air volume Gair2 suctioned into the cylinder #2 in one intake stroke can be estimated by 
calculating. Also, the air volumes Gair3 and Gair4 suctioned into the cylinders #3 and 
#4 in one intake stroke can be estimated by calculating likewise. 

Air volume suctioned into each cylinder increases at the same rate as the 

20 throttle valve opening, however, when the air volume reaches a saturation value (H in 
FIG. 3) of the air intake apparatus of the engine 1 , the air volume maintains a certain 
value even though the throttle valve opening increases. Therefore, the air volumes 
Gairl, Gair2, Gair3, and Gair4 suctioned into cylinders #1, #2, #3, and #4, respectively, 
are constant, so that the fuel injection quantity is also controlled to be constant until the 

25 throttle valve opening is less than the opening when the air volume reaches the 
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saturation value H. Incidentally, also when the throttle valve opening starts to 
decrease, the air volumes suctioned into each cylinder can be estimated by the 
above-described calculating. 

Also, the air flow meter 28, which is made by evaporating a platinum 
5 membrane on a silicon substrate, has a high detection sensitivity compared with a 
pressure sensor which measures the air volume by detecting the change of pressure in 
the air intake passage 8. Not only that, the air flow meter 28 has a fast response and 
measurement accuracy because the heat capacity is small compared with, for example, 
an air flow meter using platinum wires. Thus, the response of the engine 1 can be 

10 enhanced without controlling fuel injection based only on the throttle valve opening and 
the engine speed. In other words, fuel injection can be performed based on the air 
volume measured by the air flow meter 28 and the air volume estimated therefrom even 
when the throttle valve opening is large. 

Further, making a judgment as to whether the cylinder is in the intake stroke or 

15 not based on a leading edge of the air intake detected by the air flow meter 28 and angle 
detection information from the crankshaft rotation angle sensor 30 makes it possible to 
start fuel injection and ignition at an accurate timing. Here, the leading edge of the air 
intake means the time when the air volume which increases with the passage of time 
from the time of opening of the air intake valve 1 8 reaches a predetermined air volume 

20 rising value (for example, a value over the range of the pulsation of air in the air intake 
passage 8). 

Furthermore, when the air intake valve 1 8 starts to close, the air volume which 
has increased over the predetermined air volume rising value starts to decrease. Here, 
the time when the air volume, which the air flow meter 28 detects, becomes less than a 
25 predetermined air volume lowering value which is set greater than the predetermined air 
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volume rising value may be considered to be a falling edge of air intake, and the falling 
edge of air intake can be set so as to be considered as a time when air intake into the 
cylinder 3 ceases. Thus, the air volume from the leading edge of air intake to the 
falling edge of air intake, i.e., from the start of air intake to immediately before the air 
intake ceases, can be measured and calculated. 

According to the above-described embodiment, by multiplying the air volume 
which the air flow meter 28 has measured by the coefficient based on the rate of 
chronological variation of the throttle valve opening, the air volume suctioned into 
cylinders other than the cylinder provided with the air flow meter can be estimated. 
Thus, while optimizing fuel injection, the number of components can be reduced 
compared with the case where the air flow meter 28 is provided to all cylinders, and the 
cost can also be reduced. 

Also, fuel injection can be performed based on the air volume measured by the 
air flow meter 28 and the air volumes estimated therefrom even when the throttle valve 
opening is large by using the air flow meter 28 which has a high detection sensitivity 
while maintaining a fast response. Thus, fuel injection in response to the air volume 
can be performed regardless of the throttle valve opening, so that the fuel efficiency can 
be enhanced and the exhaust gas can be reduced. 

Further, based on the leading edge of the air intake which the air flow meter 28 
detects and the angle detection information from the crankshaft rotation angle sensor 30, 
fuel injection and ignition can be performed at an accurate timing. 

Furthermore, by setting the falling edge of air intake which the air flow meter 
28 detects as the time when the air intake into the cylinder 3 ceased, the air volume 
from the time when air intake has started to immediately before the time when air intake 
has ceased can be measured and calculated. Thus, fuel injection in response to the air 
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volume can be performed in one cycle in the engine 1, so that the optimization of fuel 
injection can be performed in real time. 

The present invention is not limited to the above-stated embodiment; but, for 
example, the air flow meter 28 may be provided with not only one air intake passage 8 
but also the respective air intake passages 8 corresponding to cylinders different in 
phase, that is, the air flow meter 28 may be provided with one or more, and less than all 
the air intake passages 8, and still attain the same effects. Here, the engine 1 is not 
limited to a four-cylinder engine. 

Also, the engine speed changes as the suctioned intake air volume changes, so 
that the air volume measured by the air flow meter 28 may be multiplied by a 
coefficient based on the rate of chronological variation of the engine speed to calculate 
air volumes suctioned into other cylinders. 

Further, the air flow meter 28 may be located on the downstream side of the 
throttle valve 9. However, in the case of the above-described engine 1, the engine is in 
many cases a high-re wing engine for two wheelers or the like, so that the length of the 
air intake pipe 6 is curbed to enhance the response, and an overlap between the exhaust 
stroke and the intake stroke is made long to cope with high revving. Thus, even at the 
upstream side of the throttle valve 9, the measurement error of the air volume is small 
and contamination caused by blowback of exhaust gas is small, so that the air flow 
meter 28 is preferably located on the upstream side of the throttle valve 9. 

INDUSTRIAL APPLICABILITY 
The present invention relates to an air intake apparatus for an internal 
combustion engine comprising a plurality of air intake passages provided at each 
cylinder of a multi-cylinder internal combustion engine and a throttle body provided at 
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each of the plurality of air intake passages, wherein a part of an inside of the plurality of 
air intake passages provides an air flow rate sensor for measuring air volume being 
suctioned into a cylinder corresponding to the air intake passage. 

The present invention also relates to a control apparatus for an internal 
5 combustion engine comprising a plurality of air intake passages provided at each 

cylinder of a multi-cylinder internal combustion engine and a throttle body provided at 
each of the plurality of air intake passages, comprising: an air flow rate sensor provided 
on a part of an inside of the plurality of air intake passages, the air flow rate sensor 
measuring air volume being suctioned into a cylinder corresponding to the air intake 

10 passage; and a control section for calculating air volume suctioned into other cylinders 
by multiplying air volume measured by the air flow rate sensor by predetermined 
coefficients, calculating the fuel injection quantity into each cylinder, and outputting a 
signal to a fuel injector of the internal combustion engine. 

According to the air intake apparatus and the control apparatus of the internal 

1 5 combustion engine of the present invention, by multiplying the air volume measured by 
the air flow rate sensor by the coefficient based on the rate of chronological variation of 
the throttle valve opening or the engine speed, the air volume suctioned into cylinders 
other than the cylinder provided with the air flow rate sensor can be estimated. Thus, 
while optimizing fuel injection, the number of components can be reduced compared 
20 with the case where the air flow rate sensor is provided to all cylinders, and the cost can 
also be reduced. 

Also, fuel injection can be performed based on the air volume measured by the 
air flow rate sensor and the air volumes estimated therefrom even when the throttle 
valve opening is large. Thus, fuel injection in response to the air volume can be 
25 performed regardless of the throttle valve opening, so that the fuel efficiency can be 
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enhanced and the exhaust gas can be reduced. 

Furthermore, by using both an air flow rate sensor and a rotation angle sensor 
such as a crankshaft and a camshaft, it becomes possible to perform fuel injection into 
each cylinder at an accurate timing. And it also becomes possible to measure and 
calculate the air volume and to perform fuel injection in response to the air volume in 
one cycle of the internal combustion engine, so that the optimization of fuel injection 
quantity can be performed in real time. 



